How bilingual individuals process language is a long-standing topic for research in language science. A major discovery in the past decade is that when bilinguals use one language, information in the other language is also being accessed. Experimental psychology has established this phenomenon, known as cross-language interaction, during reading, listening, and speaking in bilinguals with various language combinations and levels of proficiency (see Kroll and De Groot, [@B41], for a review). Consistent with behavioral evidence, results from event-related potential (ERP) studies have also shown parallel activation of lexical information from both languages (De Bruijn et al., [@B16]; Elston-Guttler et al., [@B24]; Rodriguez-Fornells et al., [@B54]; Kerkhofs et al., [@B39]). In the present article, we review studies which have used behavioral and electrophysiological measures with a focus on experimental paradigms that classically yield cross-language interactions. We believe that some of the paradigms adopted previously may have induced different language processing contexts because of the particular stimuli and tasks used, and that this could account for at least some of the discrepancies in the literature. More specifically, stimuli with a special status in the two languages of a bilingual speaker, such as cognates, and interlingual homographs, create a dual-language processing context which, despite their indisputable relevance as regards the process under study, raises the participants' explicit or implicit awareness of the bilingual context of testing. After selectively reviewing the literature, we argue that studies on cross-language interactions can and need to control the language context of the experiment (single/mixed language) prompted by the stimuli, tasks, and peripheral contextual cues.

Testing Language Processing in Bilinguals with Translation Equivalents
======================================================================

A fundamental characteristic of bilingualism is the fact that a given semantic concept has at least two different lexical representations in the two languages. The most direct link between such two lexical representations in two given languages is called translation equivalence. For instance, the best translation of the word "train" in English is "火 车 " (pronounced as *huo che*) in Chinese. Late bilinguals, who acquired their second language (L2) after puberty, often develop their vocabulary in L2 by resorting to translation equivalents, i.e., through translation of L2 words in their first language (L1). Cross-language interactions between translation equivalents during word recognition in bilinguals have long been postulated in psycholinguistic models of bilingual processing. In the revised hierarchical model (RHM) for instance, Kroll and Stewart ([@B43]) have argued that learners of an L2 rely on a lexical route through L1 translation equivalents to access meanings during word processing in L2. As learners become more proficient with their L2, independent and direct semantic links progressively develop between conceptual and lexical representations. A substantial number of studies have provided evidence that processing words in L2 activates translation equivalents in L1 (Potter et al., [@B53]; Keatley et al., [@B38]; Basnight-Brown and Altarriba, [@B2]; e.g., Sanchez-Casas et al., [@B55]; for an exception see Scarborough et al., [@B56]; Sholl et al., [@B59]; Talamas et al., [@B61]). For instance, in a context of semantic priming, the recognition of a target word is facilitated not only when the prime word is semantically related to the target (e.g., "doctor--nurse") but even more so when the target is the translation equivalent of the prime (e.g., "doctor--arts", meaning doctor in Dutch) as compared to unrelated word pairs (e.g., doctor--fish; Kroll and Sholl, [@B42]; Tzelgov and Eben-Ezra, [@B63]; Keatley et al., [@B38]).

This special effect of translation equivalence has also been studied with ERPs, which are averaged brain waves recorded from the surface of the scalp time-locked to the onset of a stimulus of interest. The high temporal resolution of ERPs (millisecond range) makes them an ideal index of cognitive processing and particularly language processing as it unfolds in time (see Bentin et al., [@B4] for a review). For instance, Alvarez et al. ([@B1]) recorded ERPs in late English--Spanish bilinguals while they were engaged in a semantic categorization task on lexical items from their two languages ("press a button when the word refers to a part of the body in either language"). Critical items were repetitions both within (i.e., repetition priming) and across (translation priming) languages. As compared to the control condition in which the target word was preceded by an unrelated prime, translation priming modulated the N400 wave (an index of semantic integration (Kutas and Hillyard, [@B44]; Kutas and Hillyard, [@B45]). The reduction in N400 amplitude started earlier for L2 to L1 priming than the reverse, suggesting that processing a weaker language (L2) activates the translation equivalents in the stronger language (L1) to a greater extent than vice versa. However, the opposite trend in translation priming was observed in a more recent ERP study using masked semantic priming paradigm (Midgley et al., [@B50]). Using an auditory ERP paradigm, Phillips et al. ([@B52]), presented translation equivalents following multiple, consecutive primes (e.g., bed, bed, bed, bed, and lit, the French translation of "bed"). Interestingly, ERP responses elicited by the release from adaptation in the L2-to-L1 direction were characterized by the presence of a phonological mismatch negativity (PMN, see Connolly and Phillips, [@B10]) and the absence of an N400. These findings tend to support that L1 translation phonology is not activated during L2 word processing (i.e., they lend support to the language-selective account).

Translation equivalence has also served as a context of choice in studies of word production in bilinguals. According to models of monolingual language production, speech planning begins with the activation/retrieval of conceptual representations that the speaker intends to convey, and through multiple cascading levels of processing ends up with the programming of mouth and tongue movement for articulation (Levelt, [@B47]). In the case of bilingual speakers, an additional level of processing has been proposed in which the target output language is determined (Kroll et al., [@B40]). Numerous studies have shown that, in the same vein as translation priming effects observed during word recognition, word production in bilinguals involves automatic access to translation equivalents in the non-target language (Hermans et al., [@B36]; Costa et al., [@B11]; Colome, [@B9]), despite the fact that word processing is arguably more under direct control of the speaker in terms of language selection as compared to the case of reading and listening. For instance, in a standard paradigm, the so-called picture--word interference paradigm, bilingual participants are required to name a picture which is superimposed or followed by a distractor word to be ignored (e.g., Costa et al., [@B13]; Hermans, [@B35]). Typically, when the distractor word is the translation equivalent of the target picture name, naming latency is shorter as compared to the case of unrelated distractor words in either of the two languages (Costa et al., [@B13]; Hermans, [@B35]). Moreover, an inhibitory effect (significantly longer reaction time) has been reported when the distractor word is phonologically related to the translation equivalent of the picture name (Hermans et al., [@B36]). These findings have been interpreted as evidence that speech planning in bilinguals involves activation of relevant information in both the languages. Cross-language activation of translation equivalents reduces the amount of semantic processing that is required for speech planning, hence produces a facilitation effect. The inhibitory effect prompted by distractor words which are phonologically related to the translation equivalent of the picture name suggests that translation priming exists not only at the semantic but also at the phonological level, where the phonotranslation distractor competes for lexical selection with the target word.

More recently, studies using ERPs have replicated and extended these behavioral findings (Guo and Peng, [@B34]; Chauncey et al., [@B6]). Specifically, naming pictures followed by the translation equivalents of their name in the non-target language, as compared to unrelated distractor words, induces N400 amplitude reductions. This cross-language priming effect is found both from L1 to L2 and from L2 to L1, despite the fact that the bilingual participants tested generally have various levels of proficiency in their two languages with different basic scripts (e.g., Chinese and English). In the case of more balanced bilinguals with more similar languages (e.g., French and English), cross-language priming effects were detected as early as 200 ms after stimulus onset. Both findings were interpreted as evidence for parallel activation of the two languages as a universal phenomenon underpinning bilingual speech production.

The Language Mode Hypothesis
============================

Studies in which translation equivalence was the critical experimental manipulation form a substantial fraction of the literature addressing word comprehension and production in bilinguals. Regardless of the type of measurement made (e.g., behavioral and ERPs), most of these studies have not considered the influences of the language processing context in which language non-selective access is observed. Beyond the issue of the artificiality inherent to experimental testing (e.g., requirement of participant attentional involvement and absence of irrelevant movements, controlled stimulus delivery, focus on single word processing, engagement in meta-linguistic tasks, etc.), the absence of consideration given to language mixing within a single experimental procedure raises questions. Unless the purpose is to understand the mechanisms underpinning language switching or translation (Crinion et al., [@B15]; Van Heuven et al., [@B66]), experimental paradigms that involve switching between two languages and/or test effects of translation equivalence raise the level of activation of the two languages and possibly prompt interactions that may not be significant otherwise. This issue becomes most salient when one considers the framework proposed in Grosjean\'s ([@B32]) language mode hypothesis. Grosjean has proposed that a bilingual individual may be characterized by various states of L1 and L2 activation at a given point in time, a notion defined as the language mode continuum (Grosjean, [@B27], [@B28], [@B29], [@B31], [@B32]). Variables that may affect the language mode include language abilities of the interlocutor, the particular demands of a linguistic task, the purpose of the interaction, its topic, the contextual environment, and so on. The language mode is hypothesized to directly affect the level of activation of the bilingual\'s first and second languages and to interact with other factors that have an impact on bilingual\'s language processing mechanisms.

For instance, studies have shown that during a conversation, the interlocutors' understanding of language(s) and the topic affect the frequency and content of language mixing (e.g., code-switching and borrowing) in bilingual individuals (Grosjean, [@B29]; Treffers-Daller, [@B62]). This suggests that bilinguals consciously navigate along what Grosjean refers to as a "monolingual--bilingual continuum" to adjust levels of language of activation when producing speech. Furthermore, evidence of a recent comprehension study shows that changes in processing style induced by language context can be implicit (Cheng and Howard, [@B7]). Chinese--Taiwanese early bilinguals listened to language-mixed sentences while performing a synonymous judgment task or a semantic coherency task in Chinese. Results showed that a language switch cost was only observed when the participants were expecting the task to be monolingual (i.e., Experiment 1). When the task instructions and other experimental settings hinted that both languages might be involved in the experiment (i.e., Experiment 2), no switch cost was observed.

These findings suggest that the language context set explicitly or implicitly by the experiment may have a substantial effect on bilingual functioning. Disregarding such contextual effect may therefore have serious implications for the study of language selective/non-selective access in bilinguals. For instance, studies where translation equivalence was the critical manipulation (e.g., Alvarez et al., [@B1]) may not actively require translation from one language into the other but the use of a mixed-language design (e.g., semantic categorization in either language) and the long inter-stimuli intervals (e.g., 2.7 s) enable participants to overtly translate each word before the onset of the next trial so as to achieve optimal performance. Consequently, the findings may be artificially biased toward parallel activation of L1 and L2 lexicons during word recognition. By contrast, in Phillips et al.'s ([@B52]) study for instance, the prime word was repeatedly presented in one language leading to a relatively more monolingual context. Nevertheless, in the latter study, the use of interlingual homographs such as "lit" (meaning bed in French) may also have artificially raised the level of activation of French even though participants were tested in an "English-only" context, simply because participants are likely to spot the critical interlingual homographs throughout the experiment (see section Interlingual Homographs).

Other evidence comes from studies using highly similar contexts and conducted in the same sensory modality. In an eye-tracking study, Spivey and Marian ([@B60];) also see Marian and Spivey, [@B49]) obtained evidence for cross-language interference in Russian--English bilinguals who spent more time looking at objects that have overlapping initial phonetic features in Russian and English (e.g., "marka" in Russian for "marker") upon hearing an interlingual distractor, in a *Russian session* of the experiment (i.e., when English was the non-target language). In the English session, the cross-language interaction was only seen as a trend (i.e., no L1 to L2 effect). However, despite the claim that this effect was observed "without actually compromising the monolingual speech mode" (p. 281), a subsequent study by the same authors reported the opposite pattern of results with the same design and tasks (Marian and Spivey, [@B49]). A critical difference between the two studies was that, in the first, the same participants were tested in both the Russian and the English sessions and, consequently, they were fully aware of the bilingual nature of the study. The second study, by contrast, used separate groups of participants who were led to believe that they participated in a monolingual experiment.

More recent results further suggest that language context effects on dual-language activation interact with a bilingual\'s age of acquisition in L2 (Canseco-Gonzalez et al., [@B5]). In an eye-tracking experiment, Spanish--English bilinguals were tested in three language mode conditions. While the bilingual mode condition increased the size of cross-language interference as compared to the monolingual mode condition in both early and late bilinguals, only participants who acquired L2 before the age of 6 showed a significant effect of language mode.

While it is not possible to evaluate whether language processing context effects account for discrepancies between previous findings, as argued in the language mode hypothesis, we believe it invites caution in the interpretation of results from studies involving mixed-language conditions. The criticism is that, unless it is controlled or deliberately manipulated, language context is a potentially confounding variable when examining the selectivity of language processing in bilinguals because it is closely related and critical to the theoretical issue under investigation.

Testing Bilinguals with Interlingual Homographs: All-in-L2?
===========================================================

In alphabetical languages that share the same or similar scripts, some words share properties across languages, such as spelling (homographs; e.g., "brand" which means "fire" in Dutch), sound (homophones; e.g., "cinq" which sounds like "sank" in English, but means "five" in French), and/or meaning (cognates; e.g., "café", which has the same meaning in several European languages). Previous studies have provided evidence that the interlingual status of cognates and homographs affect bilingual performance in word recognition and production (see Costa et al., [@B14] and Dijkstra, [@B19] for a review, respectively). For instance, Beauvillain and Grainger ([@B3]) tested French--English bilinguals in a lexical decision task (LDT). In each trial, English target words were presented following French prime words which, in the critical condition, were interlingual homographs related in meaning with the English target word (e.g., *coin* -- money, *coin* meaning "corner" in French). Although they were told that the French prime was irrelevant, participants spontaneously accessed the English meaning of homograph primes as shown by significantly reduced reaction time in the related as compared to the unrelated condition. Numerous studies have also demonstrated that even in LDT on words exclusively in L2 (i.e., in an "all-in-L2" context), bilingual performance on homographs and cognates is influenced by their meaning in the non-target language (Dijkstra et al., [@B18]; De Groot et al., [@B17]; Van Hell and Dijkstra, [@B64]; Lemhofer and Dijkstra, [@B46]).

Interlingual stimuli have been shown to have a special status also in ERP studies. Using a similar semantic priming paradigm as that used by Beauvillain and Grainger ([@B3]), Kerkhofs et al. ([@B39]) found a reduction in reaction time and N400 amplitude when Dutch--English bilinguals performed an LDT on homographs (e.g., *stem* meaning "voice" in Dutch) preceded by semantically related primes (e.g., root). Both the ERP and the behavioral effects were also correlated with the relative lexical frequencies of the homographs across languages, such that the response times and N400 amplitude were reduced with increasing lexical frequency in English and decreasing frequency in Dutch. These findings replicated previous studies using behavioral measures and have been put forward as evidence for automatic L1 access during L2 reading in bilinguals.

Studies of bilingual word production using the picture naming paradigm have shown facilitation (shorter reaction times) when the name of the picture to be named is a cognate as compared to a non-cognate (Costa et al., [@B11], [@B12]; Hoshino and Kroll, [@B37]). For instance, a recent study of picture naming has found a reduction in ERP amplitude between 300 and 400 ms correlated with the cognate facilitation effect in behavioral measurements (Christoffels, et al., [@B8]). In the same vein as interlingual homograph effects in word recognition, this cognate facilitation effect in production has been taken as evidence that information in the unintended language is activated during the planning of speech in the target language. However, there is as yet no consensus regarding the specific locus of this effect because cognates share across languages several levels of representations (e.g., semantic, phonological, and orthographic).

Although it can be argued that studies using interlingual stimuli are less readily perceived as bilingual than studies explicitly mixing two languages (as in language switch and translation experiments), there is evidence that bilinguals' responses to interlingual stimuli are influenced by language context. For example, Dijkstra et al. ([@B18]) tested Dutch--English bilinguals reading English words and non-words intermixed with English/Dutch homographs and cognates. In one experiment (i.e., Experiment 1), participants were asked to perform a LDT in English (i.e., indicate whether each item was a word of English or a non-word). Cognates, but not homographs, elicited a faster response than control items. In another experiment (i.e., Experiment 3), participants were presented with the same set of stimuli and were asked to do a generalized LDT instead (i.e., indicate whether each item was either a word in English or Dutch or a non-word). Interestingly, a homograph effect was found in this experiment such that homographs were responded to more quickly only when compared to English control words but not to Dutch words. These results are consistent with an effect of language context on the processing on interlingual stimuli. When the task required the activation of lexical representations in one language only as in Experiment 1, the activation level of Dutch (i.e., the non-target language) was arguably insufficient for homograph representations to be activated through lexical links with English, whereas the activation of cognate representations benefited from both lexical and semantic links across languages. In Experiment 3, the generalized LDT required participants to access representations in both their languages. Therefore, Dutch--English bilinguals were more likely to consider homographs as Dutch words and responded equally fast to homographs and Dutch control words. This explains the significant difference between the homograph and the English word conditions, English being the weaker language of the participants.

Dijkstra et al.'s ([@B21]) study shows that cognitive demands can influence bilingual\'s processing of interlingual stimuli through manipulation of language context using different tasks. In fact, the potential role of language context is delicate to discuss when the experiment involves interlingual stimuli and yet the task requires access to representations in only one language (i.e., Experiment 1). The question is, when stimuli and task requirements are supposed to tap into only one language (e.g., all-in-L2), whether the context can be considered *de facto* monolingual despite the fact that some of the stimuli also exist in the other language. However, the repeated occurrence (e.g., 33% or 50%) of stimuli that also have a meaning in the non-target language may lead participants to activate the other language -- either consciously or unconsciously -- and eventually operate a transition to a more or less dual-language processing context as the experiment unfolds. This is more likely to be true in highly proficient bilinguals who are particularly wary about interlingual homographs, because they are a source of confusion/surprise in everyday language use. Furthermore, post experiment debriefing is not used routinely to evaluate whether participants become overtly aware about the special status of critical stimuli in such experiments.

Consistent with this view, several studies have demonstrated that the effects of interlingual stimuli is modulated by the language context even when the experimental task is monolingual (Elston-Guttler et al., [@B24]; Christoffels et al., [@B8]; Elston-Guttler and Gunter, [@B23];). but see also Paulmann et al., [@B51]). For instance, A 20-min pre-experiment film narrated in English enabled a group of German--English bilinguals to find themselves in an "all-L2" context whereby the effect of L1 on L2 mediated by interlingual homographs was minimal, contrasting with the clear interlingual homograph effect seen when the pre-experiment film was in German (Elston-Guttler et al., [@B24]). Similarly, the auditory presentation of German words and even pseudowords enhanced the German--English homograph effects in a visual experiment where participants were instructed to read English words (Elston-Guttler and Gunter, [@B23]).

It must be noted at this point that a number of studies have investigated the processing of cognates and interlingual homographs within sentences setting out a language context. Findings from these studies suggest that although sentence context may not fully eliminate the processing advantages of cognates, it can modify both *the degree and the level of the* effects. For example, in the case of highly semantically constrained sentences, cognate effects are either reduced (Libben and Titone, [@B48]) or appear to be absent as compared to sentences with low semantic constraints (Van Hell and de Groot, [@B65]). Furthermore, sentence context has also been shown to dissociate the effects of cognates from interlingual homographs: cognate effects are more resilient than homograph effects when critical words are processed in sentences (Schwartz and Kroll, [@B57]; Schwartz and Arêas da Luz Fontes, [@B58];). but also see Duyck et al., [@B22]). The difference between cognate (i.e., sharing both semantic and lexical representations between languages) and interlingual homograph (i.e., sharing only lexical representations) effects suggests that language non-selectivity is more salient at the semantic than the lexical level. Since word recognition differs primarily at the lexical level between monolinguals and bilinguals, sentence context effects on interlingual homograph processing cannot be simply accounted for by the mechanisms underlying within-language ambiguity resolution.

Conclusion and Perspectives
===========================

Experimental psychology and electrophysiology have made the case for automatic co-activation of the two languages of bilingual individuals when they are expected to function in one of their languages. Here, we reviewed two main types of experiments, involving translation equivalence and interlingual stimuli, and argued that the cognitive processing impact of the language context has generally been overlooked. We argue that both in language production and comprehension, bilingual individuals can manifest varying levels of baseline activation of their two languages. For a systematic control of language context as a potentially confounding variable, and also to further investigate the role of the language context as an independent variable, we suggest that future studies on bilingual language interaction should consider the following questions:

1.  Do the experimental tasks require explicit retrieval of representations from one or two languages?

2.  Does the experiment involve stimuli (e.g., words or grammatical constructs) from the two languages or stimuli that are language ambiguous? For instance, the issue of cognate facilitation is virtually totally absent in the case of Western--Asian language pairs (with the exception of borrowings).

3.  Are the two languages of the bilingual population under study sufficiently dissimilar to consider that participants may be functioning monolingually (i.e., Chinese--English bilingual speakers may function monolingually in English, in theory, but Chinese--Japanese bilinguals may never do so in Japanese due to large overlaps between the two languages)? In particular, is the orthographic transparency of the two languages different? How wide is phonological overlap between them? etc.

4.  Is the performance of bilingual participants in the two languages compared within (potential carry over/order effects) or across (independence but reduced power) groups?

5.  Are bilingual participants debriefed after the experiment regarding their awareness of the bilingual/monolingual nature of the experiment?

6.  Is there any other contextual information that might draw the participants' attention to one language in particular (e.g., laboratory settings, language of instruction, native language of the experimenter, and so on)?

7.  For experiments that are concerned with more than one of the factors listed above, how do these factors interact with one another?

Grosjean ([@B32], [@B33]) has compiled several lists of such variables, which might influence bilinguals' language mode in a general sense. However, these conditions are so varied that it is impossible to create a pure monolingual or a perfectly balanced bilingual experimental context[^1^](#fn1){ref-type="fn"} (also see Dijkstra et al., [@B20] for the same consideration). Our proposal highlights factors that are particularly important for studies concerned with the activation levels of the two languages (i.e., selective versus non-selective accounts of lexical access). We believe it is important for future studies to weight the individual and combined effects of these factors on bilingual processing, not only to further our understanding of language non-selectivity, but also to shed light on the difference in architecture between the bilingual and the monolingual language systems.

Beyond this methodological issue, devoting particular attention to language contextual effects will contribute to the theoretical development of bilingual models. So far, evidence for parallel language activation has been consistent with the assumption that, during the initial stages of word processing, lexical candidates in both the bilingual\'s languages are automatically activated even when access to only one language is required. Prominent psycholinguistic models propose that a top-down control mechanism enables bilingual individuals to function in the target language by inhibiting lexical candidates from the non-target language (Grainger and Dijkstra, [@B25]; Dijkstra and Van Heuven, [@B18]; Green, [@B26]). While the locus of such inhibitory control is still under investigation, evidence of language contextual effects may need to be elucidated and incorporated to current models as "language nodes". The language nodes are expected to be sensitive to external sources of information (i.e., bottom-up influences) as well as the bilingual speaker\'s explicit intention (i.e., top-down control). As a determinate of bilingual\'s language processing, language nodes would preset the activation levels of the two languages prior to functioning (e.g., in the beginning of an experiment) and monitor language activation online. Such an activation-based mechanism should not be perceived as incompatible with inhibitory control and bringing the two theoretical principles together is likely to account for the contextual effects on bilingual functioning reported so far.
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